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(54) METHOD AND DEVICE FOR FORMING HOLE IN GLASS SHEET

(57)  Anapparatus 1 for drilling holes in a glass plate
has a supporting member 44 for sucking and supporting
a glass plate 2 which is used for an automobile window
orthelike, as described later, and the supporting member
44 is comprised of a suction pad 42 for sucking the glass
plate 2 and a pair of supports 41 for supporting the glass
plate 2 on an outer side of the suction pad 42. The sup-
ports 41 are detachably mounted on the outer side of the
suction pad 42, and the supporting member 44 is adapted
to rotate about the suction pad 42 in an R direction. The
apparatus 1 for drilling holes in a glass plate further in-
cludes a hole forming means 4 for forming in the glass
plate 2 holes 3 shown in Fig. 7; a supporting means 5
having the supporting member 44 and for supporting the
glass plate 2 in which the holes 3 are to be formed by
the hole forming means 4; and a transporting means 6
for transporting onto the supporting means 5 the glass
plate 2 in which the holes 3 are to be formed.

[Fig.1]
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
drilling holes in a glass plate for drilling holes (including
the formation of recesses) in glass plates of various sizes
and shapes, as well as an apparatus thereof.

BACKGROUND ART

[0002] Patent document 1: JP-A-2-88109

[0003] As shown in the patent document 1, for exam-
ple, a conventional apparatus for drilling holes in a glass
plate is so arranged that a central area of a glass plate
is sucked and supported by a circular and small support-
ing member so that hole drilling in glass plates of various
sizes and shapes can be performed as practically as pos-
sible.

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0004] Incidentally, in the case where the glass plate
is a thin and rectangular, large-sized one as in the case
of a front window glass or a rear window glass of an
automobile, even if the central area is sucked and sup-
ported by a small supporting member, the periphery (pe-
ripheral edges) of the glass plate, particularly both lon-
gitudinal end sides of the glass plate, are deflected great-
ly, and the glass plate as a whole assumes a curved
state. In such a case, the glass plate in a state in which
distortion is acting is unfavorably subjected to hole drill-
ing, so that satisfactory hole drilling cannot be performed
with respect to such a glass plate. For this reason, sup-
porting members for sucking and supporting the glass
plates and corresponding to the sizes and shapes of the
glass plates must be prepared in advance, and the sup-
porting member must be replaced each time the size and
shape of the glass plate is changed.

[0005] The presentinvention has been devised in view
ofthe above-describedinconvenient operation. An object
of the invention is to provide a method of and an appa-
ratus for drilling holes in a glass plate which is capable
of supporting glass plates of various sizes and shapes
without causing deflection, particularly deflection at both
longitudinal end sides of the glass plate, without needing
to replace the supporting member for supporting (hold-
ing) the glass plate, thereby making it possible to perform
satisfactory hole drilling.

MEANS FOR SOLVING THE PROBLEMS

[0006] In a method of drilling holes in a glass plate in
accordance with the invention, a supporting member is
rotated in a preliminary step for placing a glass plate on
the supporting member, so as to move a support of the
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supporting member for supporting the glass plate to a
portion of the glass plate in which deflection can possibly
occur when the glass plate is in a posture of being sub-
jected to drilling; after the rotation of the supporting mem-
ber, the glass plate to be drilled is caused to be placed
on and sucked and supported by the supporting member;
and a hole is drilled in the sucked and supported glass
plate. According to such a method of drilling holes in a
glass plate, it is possible to attain the above-described
object.

[0007] Inan apparatus for drilling holes in a glass plate
in accordance with the invention, a supporting member
for sucking and supporting a glass plate is comprised of
a suction pad for sucking the glass plate and a support
for supporting the glass plate on an outer side of the
suction pad, the support being detachably mounted on
the outer side of the suction pad, the supporting member
being adapted to rotate about the suction pad.

[0008] According to the apparatus for drilling holes in
a glass plate in accordance with the invention, before the
glass plate is supplied to the supporting member, in order
to support a portion of the glass plate in which deflection
can possibly occur when the glass plate is in a posture
of being subjected to drilling, the supporting member is
rotated in advance to position the support at the portion
of the glass plate in which deflection can possibly occur.
In due course of time, the glass plate can be supplied,
and sucked and supported, and hole drilling can be per-
formed. For this reason, it becomes unnecessary to pre-
pare the supporting members of various sizes and
shapes in correspondence with the sizes and shapes of
the glass plates, so that extra operation of replacing the
supporting member becomes unnecessary. In addition,
in cases where the glass plate is small, it suffices if the
support on the outer side of the suction pad is kept re-
moved.

[0009] In a preferred example of the apparatus for
drilling holes in a glass plate in accordance with the in-
vention, a distance from a first portion at a peripheral
edge portion of the support to an axis of rotation of the
support by a rotating means is different from a distance
from a second portion, which is different from the first
portion, at the peripheral edge portion of the support to
the axis of rotation.

[0010] In another preferred example of the apparatus
for drilling holes in a glass plate in accordance with the
invention, the shape of a peripheral edge of the support-
ing member is noncircular.

[0011] In still another preferred example of the appa-
ratus for drilling holes in a glass plate in accordance with
the invention, the shape of the supporting member is an
elongated shape.

ADVANTAGES OF THE INVENTION
[0012] According to the invention, it is possible to pro-

vide a method of and an apparatus for drilling holes in a
glass plate which is capable of supporting glass plates
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of various sizes and shapes without causing deflection,
particularly deflection at both longitudinal end sides of
the glass plate, without needing to replace the supporting
member for supporting (holding) the glass plate, thereby
making it possible to perform satisfactory hole drilling.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013] Next, a more detailed description will be given
of a mode for carrying out the invention with reference
to an embodiment illustrated in the drawings. It should
be noted that the invention is not limited to such an em-
bodiment.

[0014] InFigs. 1to 6, an apparatus 1 for drilling holes
in a glass plate in accordance with this embodiment has
a supporting member 44 for sucking and supporting a
glass plate 2 which is used for an automobile window or
the like, as will be described later, and the supporting
member 44 is comprised of a suction pad 42 for sucking
the glass plate 2 and a pair of supports 41 for supporting
the glass plate 2 on the outer side of the suction pad 42.
The supports 41 are detachably mounted on the outer
side of the suction pad 42, and the supporting member
44 is adapted to rotate about the suction pad 42 inan R
direction. The apparatus 1 for drilling holes in a glass
plate further includes a hole forming means 4 for forming
in the glass plate 2 holes 3 shown in Fig. 7; a supporting
means 5 having the aforementioned supporting member
44 and for supporting the glass plate 2 in which the holes
3 are to be formed by the hole forming means 4; and a
transporting means 6 for transporting onto the supporting
means 5 the glass plate 2 in which the holes 3 are to be
formed.

[0015] The hole forming means 4 includes a hole form-
ing head 7 and a moving means 8 for moving the hole
forming head 7 along an upper surface 2a of the glass
plate 2. The moving means 8 is adapted to move the hole
forming head 7 in an X direction and a Y direction per-
pendicular to the X direction with respect to the glass
plate 2.

[0016] The holeforminghead 7 includes arecess form-
ing device 12 for forming in the upper surface 2a of the
glassplate 2arecess 11 showninFig. 7; arecess forming
device 14 for forming in a lower surface 2b of the glass
plate 2 a recess 13 shown in Fig. 7; a chamfering device
17 for chamfering an edge 16 of an opening 15 of the
recess 11; and a chamfering device 20 for chamfering
an edge 19 of an opening 18 of the recess 13.

[0017] The recess forming devices 12 and 14 and the
chamfering devices 17 and 20 are respectively formed
in a similar manner. Therefore, a detailed description will
be given below of the recess forming device 12 and the
chamfering device 17. As for the recess forming device
14 and the chamfering device 20, a reference character
a will be added in the drawings, as required, and a de-
tailed description thereof will be omitted.

[0018] Therecess forming device 12 includes arecess
forming drill 21 for forming the recess 11 by abutting
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againstthe upper surface 2a of the glass plate 2; a spindle
motor 22 for rotating the recess forming drill 21; and a
recess-forming-drill moving device (recess-forming-tool
moving device) 23 for moving the recess forming drill 21
in a Z direction perpendicular to the X direction and the
Y direction with respect to the glass plate 2 on a support-
ing surface 121. The recess forming drill 21 is connected
to one end of an output rotating shaft of the spindle motor
22. It should be noted that the recess forming drill 21 is
disposed in such a manner as to oppose a recess forming
drill21 a of the recess forming device 14 in the Z direction.
[0019] The recess-forming-drill moving device 23 con-
structed in the same way as a chamfering-drill moving
device 33, which will be described below, includes an
electric motor 25 fixed to a movable base 76; a pair of
guide rails 26 provided on the movable base 76 in such
a manner as to extend in the Z direction in parallel to
each other; a threaded shaft (not shown) which is sup-
ported rotatably by the movable base 76, is connected
to one end of the electric motor 25, and extends in the Z
direction; a nut (not shown) threadedly engaged with this
threaded shaft; and a movable base 27 to which this nut
is secured and fitted to the guide rails 26. The spindle
motor 22 is secured to the movable base 27.

[0020] As for the recess forming device 12, while the
recess forming drill 21 is being rotated by the rotation of
the output rotating shaft of the spindle motor 22 due to
its operation, the movable base 27, the spindle motor 22
secured to the movable base 27, and the recess forming
drill 21 connected to one end of the output rotating shaft
of the spindle motor 22 are moved in the Z direction by
the rotation of the output rotating shaft of the electric mo-
tor 25 due to its operation. The recess forming device 12
is thereby adapted to form the recess 11 in the upper
surface 2a of the glass plate 2 by the recess forming drill
21 with such a depth that a crack, a break, or the like
does not occur in the lower surface 2b of the glass plate
2. It should be noted that the hole 3 consists of the recess
11 formed by the recess forming device 12 and the recess
13 formed by the recess forming device 14 in such a
manner as to communicate with the recess 11.

[0021] The chamfering device 17 juxtaposed to the re-
cess forming device 12 includes a chamfering drill 31 for
chamfering the edge 16 of the opening 15 of the recess
11 in the upper surface 2a of the glass plate 2; a spindle
motor 32 for rotating the chamfering drill 31; and the
chamfering-drill moving device 33 for moving the cham-
fering drill 31 in the Z direction. It should be noted that
the chamfering drill 31 is disposed in such a manner as
to oppose a chamfering drill 31a of the chamfering device
20 in the Z direction.

[0022] The chamfering-drill moving device 33 includes
an electric motor 35 fixed to the movable base 76; a pair
of guide rails 36 provided on the movable base 76 in such
a manner as to extend in the Z direction in parallel to
each other; a threaded shaft (not shown) which is sup-
ported rotatably by the movable base 76, is connected
to one end of the electric motor 35, and extends in the Z
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direction; a nut (not shown) threadedly engaged with this
threaded shaft; and a movable base 37 to which this nut
is secured and fitted to the guide rails 36. The spindle
motor 32 is secured to the movable base 37.

[0023] As for the chamfering device 17, while the
chamfering drill 31 is being rotated by the rotation of the
output rotating shaft of the spindle motor 32 due to its
operation, the movable base 37, the spindle motor 32
secured to the movable base 37, and the chamfering drill
31 connected to one end of the output rotating shaft of
the spindle motor 32 are moved in the Z direction by the
rotation of the output rotating shaft of the electric motor
35 due to its operation. The chamfering device 17 is
thereby adapted to chamfer by the chamfering drill 31
the edge 16 of the opening 15 of the recess 11 formed
by the recess forming drill 21.

[0024] The recess forming drill 21 and the chamfering
drill 31 are preferably constituted by hollow or solid core
drills or the like impregnated with diamond abrasive
grains.

[0025] The supporting means 5 includes a supporting
table 122 having the supporting surface 121 for support-
ing the glass plate 2, as well as a rotating means 124 for
rotating the supporting surface 121 in the R direction so
that a peripheral edge 131 of the supporting surface 121
is disposed in the vicinity of each of portions P 1 and P2
where the holes 3 are to be formed in the glass plate 2.
[0026] The supporting table 122 includes the plate-like
supporting member 44 where the aforementioned sup-
porting surface 121 extending in the X direction in Fig. 4
is formed; a cylindrical shaft 45 which is mounted on a
base 43 rotatably in the R direction by means of the ro-
tating means 124 and to an upper end of which a central
portion of the supporting member 44 is secured; and a
vacuum suction unit for sucking under a vacuum the low-
er surface 2b of the glass plate 2 mounted on the sup-
porting member 44. The arrangement provided is such
that as this vacuum suction unit is operated, the lower
surface 2b of the glass plate 2 placed on the supporting
member 44 is sucked under a vacuum so as to suck and
fix the glass plate 2.

[0027] The supporting member 44 having an elongat-
ed shape includes the pair of plate-like supports 41 op-
posed to each other in the X direction in Fig. 4; a rubber
member 201 for preventing the slippage of the glass plate
2 mounted on respective end portions of the pair of sup-
ports 41; the suction pad 42 interposed between the pair
of supports 41 so as to be disposed substantially in a
longitudinally central portion of the supporting member
44 and adapted to suck and fix the lower surface 2b of
the glass plate 2 on its upper surface; a mounting portion
50 on which the suction pad 42 is mounted and the pair
of supports 41 are detachably mounted, and which is
supported on the shaft 45 rotatably in the R direction.
The suction pad 42 is provided with suction ports 202
communicating with the aforementioned vacuum suction
unit. The pair of supports 41 are mounted on the base
43 by means of the shaft 45 and the rotating means 124
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rotatably in the R direction about the rotational axis O of
the shaft 45. The suction pad 42 may be mounted on the
base 43 immovably in the R direction by means of the
mounting portion 50 and the shaft 45, or may be mounted
on the base 43 rotatably in the R direction. The pair of
supports 41 are detachably mounted on the mounting
portion 50 on the outer side of the suction pad 42. The
supporting member 44 is adapted to be rotated about the
suction pad 42 in the R direction by the operation of the
rotating means 124.

[0028] The area of the supporting surface 121 is small-
er than the area of the lower surface 2b of the glass plate
2, and is adapted to come into contact with a portion of
the lower surface 2b of the glass plate 2. The peripheral
edge 131 of the supporting surface 121 has a shape such
as the one shown in Fig. 4 in this embodiment, but may
have, for instance, a triangular shape, a quadrangular
shape (including a rectangular shape), a polygonal
shape, a circular shape, an elliptical shape, or the like.
The supporting surface 121 is point symmetrical, and the
rotational axis O is disposed at the center of the point
symmetry. A distance L1 from an arbitrary first portion
132 at the peripheral edge (peripheral edge portion) 131
of the support 41 to the rotational center O is different
from a distance L2 from an arbitrary second portion 133,
which is different from the first portion 132, at the periph-
eral edge (peripheral edge portion) 131 of the aforemen-
tioned support 41 to the rotational center O, and the dis-
tance L1 is longer than the distance L2 here. The shape
of the peripheral edge of the support 41 is noncircular in
this embodiment.

[0029] Therotating means 124 includes an electric mo-
tordisposedinacase 51, as well as arotation transmitting
mechanism consisting of a gear and the like for transmit-
ting the rotation of an output rotating shaft of the electric
motor to the shaft45. The rotating means 124 is arranged
such that as the shaft 45 is rotated in the R direction by
the electric motor in the case 51, the supporting surface
121 of the supporting member 44 secured to the shaft
45 is rotated in the R direction with respect to the glass
plate 2.

[0030] The moving means 8 includes an X-axis moving
device 61 for moving the hole forming head 7 in the X
direction with respect to the glass plate 2 on the support-
ing surface 121, as well as a Y-axis moving device 62
for moving the hole forming head 7 in the Y direction with
respect to the glass plate 2 on the supporting surface
121. As these devices are operated in an interlocked
manner, the moving device 8 is adapted to commonly
move the recess forming drill 21 and the chamfering drill
31 in the X direction and the Y direction.

[0031] The X-direction moving device 61 includes an
electric motor 65 fixed to a frame 64; a pair of guide rails
66 secured to a lower surface of the frame 64 and ex-
tending in the X direction in parallel to each other; a mov-
able base 67 fitted in the guide rails 66 movably in the X
direction; a nut 68 secured to an upper surface of the
movable base 67; and a threaded shaft 72 which is
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threadedly engaged with the nut 68, is supported rotat-
ably by the frame 64, and is connected to an output ro-
tating shaft of the electric motor 65 through a pulley 69,
a belt 70, and a pulley 71. The rotation of an output ro-
tating shaft of the electric motor 65 due to its operation
is transmitted to the pulley 69, the belt 70, and the pulley
71. As the threaded shaft 72 is rotated, the nut 68 thread-
edly engaged with the threaded shaft 72 is moved in the
X direction, and the movable base 67 to which the nut
68 is secured is adapted to move in the X direction while
being guided in the X direction by the guide rails 66.
[0032] The Y-direction moving device 62 includes an
electric motor 72; a threaded shaft 74 which is connected
to one end of an output rotating shaft of the electric motor
73 and extends in the Y direction; a nut 75 threadedly
engaged with the threaded shaft 74 and secured to the
lower surface of the movable base 67; the movable base
76 which supports the threaded shaft 74 rotatably and
on which the electric motor 73 is mounted; and a pair of
guide rails 77 which are provided on the upper surface
of the movable base 76 in such a manner as to extend
in the Y direction in parallel to each other and are fitted
in the lower surface of the movable base 67 movably in
the Y direction. The threaded shaft 74 is rotated by the
rotation of an output rotating shaft of the electric motor
73 duetoits operation. This rotation causes the threaded
shaft 74 to relatively move in the Y direction with respect
to the nut 75 threadedly engaged with the threaded shaft
74 and the movable base 67 secured to the nut 75. At
the same time, the movable base 76 which rotatably sup-
ports the threaded shaft 74 is moved in the Y direction
while being guided by the guide rails 77.

[0033] The transporting means 6 includes a carrying-
in table 100 for supporting the glass plate 2 which is car-
ried onto the supporting table 122; a carrying-out table
101 for supporting the glass plate 2 which is carried out
from the supporting table 122; a lifting device 81 for lifting
the glass plate 2 supported on the carrying-in table 100;
a lifting device 135 for lifting the glass plate 2 supported
on the supporting table 122; and a glass-plate moving
device 82 for moving in the X direction the glass plate 2
which has been lifted by each of the lifting devices 81
and 135. Each of the lifting devices 81 and 135 is adapted
to place on the supporting surface 121 the glass plate 2
in which the hole 3 is to be formed, after that supporting
surface 121 has been rotated by the rotating means 124.
[0034] Each of the carrying-in table 100 and the car-
rying-out table 101 has a cylindrical shaft 102 secured
to the base 43 and a supporting plate 103 secured to an
upper end of the shaft 102. The carrying-in table 100 is
disposed closer to the carrying-in end side of the appa-
ratus 1 for drilling holes in a glass plate than to the sup-
porting table 122, while the carrying-out table 101 is dis-
posed closer to the carrying-out end side of the apparatus
1 for drilling holes in a glass plate than to the supporting
table 122.

[0035] Each of the lifting devices 81 and 135 has a
suction head 83 for holding the glass plate 2 and a cyl-
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inder unit 84 for raising or lowering the suction head 83.
[0036] Each suction head 83 has a vacuum suction
unit for sucking under a vacuum the glass plate 2, a suc-
tion port communicating with this vacuum suction unit,
and a suction pad 85 provided with the suction port. The
arrangement provided is such that as the vacuum suction
unit is operated, the upper surface 2a of the glass plate
2 is sucked under a vacuum so as to suck and fix the
glass plate 2.

[0037] Each of the cylinder units 84 consists of a cyl-
inder 86 and a piston rod 87, and the suction head 83 is
secured to a distal end of the piston rod 87. The arrange-
ment provided is such that the piston rod 87 is extended
or retracted by fluid pressure such as air pressure or oil
pressure applied to the interior of the cylinder 86, so as
to raise or lower the suction head 83 in the Z direction.
[0038] When the lifting device 81, together with the
glass plate 2 in which the holes 3 are to be formed, is
moved in the X direction and is disposed above the sup-
porting table 122 by the glass-plate moving device 82,
the lifting device 81 is adapted to release the lifting of the
glass plate 2 and place that glass plate 2 on the support-
ing surface 121. When the lifting device 135, together
with the glass plate 2 in which the holes 3 have been
formed, is moved in the X direction and is disposed above
the carrying-out table 101 by the glass-plate moving de-
vice 82, the lifting device 135 is adapted to release the
liting of the glass plate 2 and place that glass plate 2 on
the carrying-out table 101.

[0039] The glass-plate moving device 82 includes an
electric motor 91 fixed to a frame 90; a pair of guide rails
92 fixed to the frame 90 in such a manner as to extend
in the X direction in parallel to each other; a movable
base 93 fitted in the guide rails 92 movably in the X di-
rection; a nut 94 secured to the movable base 93; a
threaded shaft 98 which is threadedly engaged with the
nut 94, is supported rotatably by the frame 90, is con-
nected to an output rotating shaft of the electric motor 91
through a pulley 95, a belt 96, and a pulley 97, and ex-
tends in the X direction; and a pair of brackets 99 which
are each secured at its one end to the movable base 93
and is secured at its other end to the cylinder 86. The
rotation of an output rotating shaft of the electric motor
91 duetoits operation is transmitted to the threaded shaft
98 through the pulley 95, the belt 96, and the pulley 97.
As the threaded shaft 98 is rotated, the nut 94 threadedly
engaged with the threaded shaft 98, the movable base
93 secured to the nut 94, the brackets 99 secured to the
movable base 93, and the lifting devices 81 and 135 se-
cured to the respective brackets 99 are adapted to move
in the X direction.

[0040] The apparatus 1 for drilling holes in a glass
plate has a numeral controller (not shown), and this nu-
merical controller is adapted to control the above- and
below-described operation of each of the electric motors
25, 35, 65, 73, and 91, the electric motor of the rotating
means 124, the vacuum suction units, and the cylinder
units 84 by numerical control commands based on a pro-
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gram stored in advance.

[0041] In a case where drilling is effected at the por-
tions P1 and P2 of the glass plate 2 by the apparatus 1
for drilling holes in a glass plate in accordance with this
embodiment, the glass plate 2, which is supported on the
carrying-in table 100 and in which the plurality of holes
3 are to be formed, is first lifted by the lifting device 81
located above the carrying-in table 100, as shown in Fig.
1. The lifted glass plate 2 is moved in the X direction by
the glass-plate moving device 82 and is disposed above
the supporting table 122, as shown in the part (a) of Fig.
3, and that glass plate 2 is lowered by the lifting device
81 and is placed on the supporting surface 121 of the
suction pad 42. The lower surface 2b of the placed glass
plate 2 is sucked through the suction ports 202 by the
actuation of the vacuum suction unit and is sucked and
fixed to the suction pad 42, thereby supporting on the
supporting surface 121 the glass plate 2 in which the
holes 3 are to be formed. Here, before the glass plate 2
is placed on the supporting surface 121 by the lifting de-
vice 81, the rotating means 124 rotates the supporting
surface 121 through a desired angle in the R direction
from its initial rotating position shown in Fig. 4 so that the
peripheral edge 131 of the supporting surface 121 is dis-
posed in the vicinity of the portion P1 of the glass plate
2 where the hole 3 is first to be formed, thereby effecting
positioning to allow the glass plate 2 to assume the state
shown in Fig. 5.

[0042] Next, the hole forming head 7 is moved by the
moving means 8 in the X direction and the Y direction
with respect to the glass plate 2 supported on the sup-
porting surface 121, to respectively dispose the recess
forming drill 21, which is rotated by the operation of the
spindle motor 22, above the portion P1 in the upper sur-
face 2a of the glass plate 2 and the recess forming drill
21 a, which is rotated by the operation of a spindle motor
22a, below the portion P 1 in the lower surface 2b of the
glass plate 2. The recess forming drill 21 is then lowered
by the recess-forming-drill moving device 23 and is abut-
ted against the portion P1 in the upper surface 2a of the
glass plate 2 to form the recess 11 with such a depth that
a crack, a break, or the like does not occur on the lower
surface 2b side. Subsequently, the recess forming drill
21 is raised by the recess-forming-drill moving device 23
to move away from the upper surface 2a of the glass
plate 2. Then, the recess-forming drill 21a is raised by a
recess-forming-drill moving device 23a and is abutted
against the portion P1 in the lower surface 2b of the glass
plate 2, thereby forming the recess 13 communicating
with the recess 11. Subsequently, the recess forming drill
21ais lowered by the recess-forming-drill moving device
23a and is moved away from the lower surface 2b of the
glass plate 2. It should be noted that, during the forming
of the hole 3 with respect to the portion P1 by the hole
forming means 4, the lifting device 81 is disposed above
the carrying-in table 100 and the lifting device 135 is dis-
posed above the supporting table 122 by the operation
of the glass-plate moving device 82.
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[0043] Next, the recess forming devices 12 and 14 and
the chamfering devices 17 and 20 are commonly moved
by the moving means 8 such that the recess forming drill
21 is removed from above the recess 11 at the portion
P1 andtherecess formingdrill21ais removed from below
the recess 13 at the portion P1, and such that the cham-
fering drill 31 is disposed above the recess 11 at the
portion P1 and the chamfering drill 31ais disposed below
the recess 13 at the portion P1. The chamfering drill 31
disposed above the recess 11 is lowered by the cham-
fering-drill moving device 33 and is abutted against the
edge 16 of the opening 15 of the recess 11 at the portion
P1 of the glass plate 2 to chamfer that edge 16. Subse-
quently, the chamfering drill 31 is raised by the chamfer-
ing-drill moving device 33 and is moved away from the
edge 16 of the glass plate 2. Then, the chamfering drill
31 a is raised by a chamfering-drill moving device 33a
and is abutted against the edge 19 of the opening 18 of
the recess 13 at the portion P1 of the glass plate 2 to
chamfer that edge 19. Subsequently, the chamfering drill
31 a is lowered by the chamfering-drill moving device
33a and is moved away from the edge 19 of the glass
plate 2. The hole 3 is formed in the portion P1 of the glass
plate 2 in the above-described manner.

[0044] After the hole 3 provided with chamfering has
been formed at the portion P1, the suction of the glass
plate 2 by the supporting table 122 is released, and the
glass plate 2 on the supporting surface 121 is raised by
the lifting device 135 and is temporarily moved away from
the supporting surface 121, as shown in the part (b) of
Fig. 3.

[0045] Next, the supporting surface 121 is rotated by
the rotating means 124 through a desired angle in the R
direction after undergoing a transition from the state
shown in Fig. 5 to the state shown in Fig. 4 so that the
peripheral edge 131 is disposed in the vicinity of the por-
tion P2 of the glass plate 2 where the hole 3 is to be
formed following the portion P1, thereby effecting posi-
tioning so as to assume the state shown in Fig. 6. After
the supporting surface 121 is thus rotated, the moving
away of the glass plate 2 from the supporting surface 121
by the lifting device 135 is released, and that glass plate
2 is lowered to be supported again on the supporting
surface 121. Next, the hole forming head 7 is moved by
the moving means 8 to dispose the recess forming drills
21 and 21 a above and below that portion P2, and by
performing the operation similar to that described above,
the hole 3 provided with chamfering is formed in the por-
tion P2.

[0046] Next, the operation of the vacuum suction unit
of the supporting table 122 is stopped to cancel the sup-
port by the supporting surface 121 of the glass plate 2
where the holes 3 have been formed in the portions P 1
and P2, respectively. The released glass plate 2 on the
supporting surface 121 is lifted by the lifting device 135,
and the lifted glass plate 2 is moved in the X direction by
the glass-plate moving device 82 and is disposed above
the carrying-out table 101. The glass plate 2 is lowered
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by the lifting device 135 and is placed on the carrying-
out table 101, thereby carrying out from the supporting
surface 122 the glass plate 2 with the holes 3 formed
therein. It should be noted that the chamfering of the edg-
es 16 and 19 by the chamfering devices 17 and 20 may
be started concurrently.

[0047] Asdescribedabove, accordingtothe apparatus
1 for drilling holes in a glass plate, the supporting member
44 is rotated in the R direction in a preliminary step for
placing the glass plate 2 on the supporting member 44,
so as to move the supports 41 of the supporting member
44 for supporting the glass plate 2 to a portion of the glass
plate 2 in which deflection can possibly occur when the
glass plate 2 is in a posture of being subjected to drilling.
After the rotation of the supporting member 44, the glass
plate 2 to be drilled is placed on the supporting member
44 and is sucked and supported thereby, and the sucked
and supported glass plate 2 can then be drilled. Thus, it
is possible to support glass plates 2 of various sizes and
shapes without causing deflection, particularly deflection
at both longitudinal end sides of the glass plate 2, without
needing to replace the supporting member 44 for sup-
porting (holding) the glass plate 2, thereby making it pos-
sible to perform satisfactory hole drilling.

[0048] According to the apparatus 1 for drilling holes
in a glass plate, the supporting member 44 for sucking
and supporting the glass plate 2 is comprised of the suc-
tion pad 42 for sucking the glass plate 2 and the pair of
supports 41 for supporting the glass plate 2 on the outer
side of the suction pad 42, and the supports 41 are de-
tachably mounted on the outer side of the suction pad
42, the supporting member 44 being adapted to rotate
about the suction pad 42 in the R direction. Therefore,
before the glass plate 2 is supplied to the supporting
member 44, in order to support the portion of the glass
plate 2 in which deflection can possibly occur when the
glass plate 2 is in a posture of being subjected to drilling,
the supporting member 44 is rotated in advance in the R
direction to position the supporting member 44 at the
portion of the glass plate 2 in which deflection can pos-
sibly occur. In due course of time, the glass plate 2 can
be supplied, and sucked and supported, and hole drilling
can be performed. For this reason, it becomes unneces-
sary to prepare the supporting members 44 of various
sizes and shapes in correspondence with the sizes and
shapes of the glass plates 2, so that extra operation of
replacing the supporting member 44 becomes unneces-
sary. In addition, in cases where the glass plate 2 is small,
it suffices ifthe supports 41 on the outer side of the suction
pad 42 are kept removed.

[0049] Inaddition, according to the apparatus 1 for drill-
ing holes in a glass plate, there are provided the hole
forming means 4 for forming the holes 3 in the glass plate
2; the supporting means 5 for supporting the glass plate
2inwhich the holes 3 are to be formed by the hole forming
means 4; and the transporting means 6 for transporting
onto the supporting means 4 the glass plate 2 in which
the holes 3 are to be formed. The supporting means 5
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includes the supporting surface 121 for supporting the
glass plate 2 as well as the rotating means 124 for rotating
the supporting surface 121 in the R direction with respect
to the glass plate 2 so that the peripheral edge 131 of
the supporting surface 121 is disposed in the vicinity of
each of portions P 1 and P2 where the holes 3 are to be
formed in the glass plate 2. After the supporting surface
121 is rotated by the rotating means 124, the transporting
means 6 is adapted to place on the supporting surface
121 the glass plate 2 in which the hole 3 is to be formed,
so as to allow that glass plate 2 to be supported on the
supporting surface 121. Therefore, itis possible to render
the configuration simple without increasing the number
of parts, and drilling can be performed accurately with
respect to the glass plates 2 of various sizes and shapes
without causing deflection particularly at the portions P1
and P2 of the glass plate 2.

[0050] Itshould be noted that the moving means 8 may
be constructed such that each of the recess forming de-
vice 12 and the chamfering device 17 as well as the re-
cess forming device 14 and the chamfering device 20 is
provided with an X-direction moving device and a Y-di-
rection moving device which are equivalent to the X-axis
moving device 61 and the Y-axis moving device 62, so
that the recess forming device 12 and the chamfering
device 17 located on the upper surface 2a side as well
as the recess forming device 14 and the chamfering de-
vice 20 located on the lower surface 2b side can be
moved individually in the X direction and the Y direction.
[0051] Itshould be noted that the supporting table 122
may have a supporting surface 205 which is rectangular
in shape and point symmetrical, as shown in Fig. 8, in-
stead of the supporting surface 121, and the rotational
axis O of such a supporting surface 121 may be disposed
in such a manner as to be off-centered from the center
of point symmetry of that supporting surface 121.

BRIEF DESCRIPTION OF THE DRAWINGS
[0052]

Fig. 1 is an explanatory front view of an embodiment
of the invention;

Fig. 2 is an explanatory cross-sectional view, taken
in the direction of arrows along line Il - II, of the em-
bodiment shown in Fig. 1;

Parts (a) and (b) of Fig. 3 are diagrams explaining
partial operation of the embodiment shown in Fig. 1;
Fig. 4 is an explanatory enlarged plan view of mainly
a supporting member of the embodiment shown in
Fig. 1;

Fig. 5is a diagram explaining the operation of mainly
the supporting member of the embodiment shown in
Fig. 1;

Fig. 6 is a diagram explaining the operation of mainly
the supporting member of the embodiment shown in
Fig. 1;

Fig. 7 is an explanatory diagram of a hole which is
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formed in the glass plate in accordance with the em-
bodiment shown in Fig. 1; and

Fig. 8 is an explanatory diagram of mainly another
supporting table of the embodiment shown in Fig. 1.

5
DESCRIPTION OF REFERENCE NUMERALS AND
SIGNS
[0053]

10
1 apparatus for drilling holes in a glass plate
2 glass plate
3: hole
4: hole forming means
5: supporting means 15
6: transporting means
41: support
42: suction pad
44: supporting member
50: mounting portion 20
121, 205:  supporting surface
124: rotating means
131: peripheral edge
25
Claims
1. Amethod of drilling holes in a glass plate, comprising
the steps of:
30

rotating a supporting member in a preliminary
step for placing a glass plate on said supporting
member, so as to move a support of said sup-
porting member for supporting the glass plate

to a portion of the glass plate in which deflection 35
can possibly occur when the glass plate is in a
posture of being subjected to drilling;

after the rotation of said supporting member,
causing the glass plate to be drilled to be placed

on and sucked and supported by said supporting 40
member; and

drilling a hole in the sucked and supported glass
plate.

2. An apparatus for drilling holes in a glass plate, com- 45
prising:

a supporting member for sucking and supporting
a glass plate,
50

wherein said supporting member is comprised of a
suction pad for sucking the glass plate and a support
for supporting the glass plate on an outer side of said
suction pad, said support being detachably mounted
on the outer side of said suction pad, said supporting 55
member being adapted to rotate about said suction
pad.
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[Fig. 1]
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[Fig.2]
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[Fig.3] @
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[Fig.4]
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[Fig.5]
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[Fig.6]
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